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Abstract

First documented in China in early December 2019, the novel se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spread 
rapidly and continues to test the strength of healthcare systems and 
public health programs all over the world. Underlying cardiovascular 
disease has been recognized as a risk factor for coronavirus disease 
2019 (COVID-19)-related morbidity and mortality since the early 
days of the pandemic. In addition, evidence demonstrates cardiac and 
endothelial damage in somewhere between one-third and three-quar-
ters of individuals with COVID-19, regardless of symptom severity. 
This damage is thought to be mediated by direct viral infection, im-
munopathology and hypoxemia with the additional possibility of ex-
acerbation via medication-induced cardiotoxicity. Clinically, the car-
diovascular consequences of COVID-19 may present as myocarditis 
with or without arrhythmia, endothelial dysfunction and thrombosis, 
acute coronary syndromes and heart failure. Presentation can vary 
widely and may or may not be typical of the condition in an individual 
without COVID-19. There is evidence to support the prognostic util-
ity of cardiac biomarkers (e.g., cardiac troponin) and imaging studies 
(e.g., echocardiography, cardiac magnetic resonance imaging) in the 
context of COVID-19 and building evidence suggests that cardiovas-
cular screening may be warranted even among those with asympto-
matic or mild infection and those without traditional cardiovascular 
risk factors. In addition, evidence suggests the potential for long-term 
cardiovascular consequences for those who recover from COVID-19 
with implications for the field of cardiology long into the future. Even 
among those without COVID-19, disruption of infrastructure and 

changes in human behavior as a result of the pandemic also have an 
upstream role in cardiovascular outcomes, which have already been 
documented in multiple locations. This review summarizes what is 
currently known regarding the pathogenic mechanisms of COVID-
19-related cardiovascular injury and describes clinical cardiovascular 
presentations, prognostic indicators, recommendations for screening 
and treatment, and long-term cardiovascular consequences of infec-
tion. Ultimately, medical personnel must be vigilant in their attention 
to possible cardiovascular symptoms, take appropriate steps for clini-
cal diagnosis and be prepared for long-term ramifications of myocar-
dial injury sustained as a result of COVID-19.
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Introduction

First documented in China in early December 2019, the novel 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) spread rapidly and continues to test the strength of 
healthcare systems and public health programs all over the 
world. As of this writing, the United States has reached more 
than 10 million cases of coronavirus disease 2019 (COV-
ID-19) and over 240,000 deaths. Worldwide there have been 
nearly 53 million cases and 1.3 million deaths. SARS-CoV-2 
spreads primarily from human to human through respiratory 
droplets from coughing, sneezing, or talking; although aerosol 
transmission from very small particles and droplets that float 
in the air for minutes to hours is now thought to play a role [1]. 
Since the early days of the COVID-19 pandemic, underlying 
cardiovascular disease has been recognized as a risk factor for 
morbidity and mortality [2]. More recently, the cardiovascular 
consequences of COVID-19 infection, even among those who 
are young and otherwise healthy and those who have had no 
other symptoms, have caused concern [3].

The frequency of cardiovascular complications is thought 
to be relatively high among individuals with COVID-19, al-
though reported rates of cardiac involvement vary widely 
among hospitalized patients as a result of different diagnostic 
modalities and inclusion and exclusion of patients with various 
underlying conditions. For example, the National Health Com-
mission of China reports that 11.8% of patients without under-
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lying cardiovascular comorbidities had evidence of substantial 
heart damage during hospitalization [4]. On the opposite end 
of the spectrum, Szekely et al conducted a systematic echocar-
diographic study of 100 consecutive patients diagnosed with 
COVID-19 within 24 h of admission and found that 78% of 
patients had evidence of cardiac pathology [5]. Use of bio-
markers, such as high-sensitivity troponin (hs-troponin) to de-
tect myocardial injury has resulted in rates somewhere in be-
tween, with Arcari et al noting elevation in 38% of 111 patients 
with COVID-19 admitted to a hospital in Italy [6], and Shah et 
al noting elevation in 37.5% of 309 patients with COVID-19 
admitted to a hospital in the southern United States [7]. Rates 
of cardiac involvement are harder to estimate among individu-
als with COVID-19 not requiring hospitalization, although a 
report suggesting myocardial involvement in 46% of 26 com-
petitive college athletes with mild or no symptoms suggests 
that it may be relatively common even among those who are 
otherwise young and healthy [8]. More strikingly, in an unse-
lected sample of 100 individuals who recovered from COV-
ID-19, Puntmann et al identified cardiac involvement in 78% 
with no correlation between cardiac involvement and severity 
or extent of disease [9]. Numerous studies agree that cardio-
vascular involvement is associated with poorer prognosis in 
the context of COVID-19, regardless of the frequency with 
which it occurs. Launched in April, the American Heart As-
sociation COVID-19 CVD Registry is poised to support rapid 
advancement in our understanding of the impact of COVID-19 
on cardiovascular disease and how to improve management 
strategies [10]. As we await data accrual and analysis, this re-
view summarizes what is currently known regarding the patho-
genic mechanisms of COVID-19-related cardiovascular injury 
and describes clinical cardiovascular presentations, prognostic 
indicators, recommendations for screening and treatment, and 
long-term cardiovascular consequences of infection.

Pathogenic Mechanisms of Cardiovascular Injury

Numerous reports in the literature describe both cardiac and 
endothelial damage among those with COVID-19. Pathogenic 
mechanisms of cardiovascular damage include direct viral 
infection, immunopathology and hypoxemia with the addi-
tional possibility of exacerbation via medication-induced car-
diotoxicity. Further, disruption of infrastructure and changes 
in human behavior as a result of the pandemic also have an 
upstream role in cardiovascular outcomes even among those 
without COVID-19.

Direct viral infection

The receptor for SARS-CoV-2 is angiotensin-converting en-
zyme 2 (ACE2), which is essential to the function of the renin-
angiotensin system. Following binding of the SARS-CoV-2 
spike protein via ACE2, cellular entry is facilitated by the 
transmembrane protease serine 2 (TMPRSS2) membrane pro-
tease and/or endosomal cysteine protease cathepsin L [11]. Vi-
rus receptor ACE2 and facilitating proteases are co-expressed 

on cells throughout the body with a pattern of expression 
consistent with the clinical symptoms and laboratory findings 
experienced by patients with COVID-19 [12]. In addition to 
expression in the respiratory tract and airway, accounting for 
the characteristic respiratory symptoms of COVID-19, ACE2 
is also expressed in the heart and vasculature and direct infec-
tion of both has been described.

Direct infection of cardiac tissue with SARS-CoV-2 has 
been observed and distribution across cell types may be de-
pendent upon expression of ACE2. Upon examination of car-
diac tissue from 39 consecutive autopsy cases for patients who 
died of COVID-19, viral genome was detected in the cardiac 
tissue of 24 (61.5%) patients and the expression of six pro-in-
flammatory genes (tumor necrosis growth factor α, interferon 
γ, chemokine ligand 5, and interleukin (IL) -6, -8 and -18) was 
increased in the cardiac tissue of patients with SARS-CoV-2 
compared to those with no evidence of cardiac infection [13]. 
Consistent with these findings based on the presence of viral 
genome, one autopsy report described electron microscopic 
evidence of virus particles in several cell types in the cardiac 
tissue, including cardiomyocytes, capillary endothelial cells, 
endocardium endothelial cells, macrophages, neutrophils and 
fibroblasts [14]. Still other reports did not identify virus par-
ticles in cardiac tissue via biopsy or autopsy, but rather in in-
terstitial spaces or the associated endothelial compartment [15, 
16]. In a study delineating ACE2 expression among different 
cell types in the heart, Chen et al demonstrated particularly 
high levels of ACE2 expression on pericytes and close interac-
tion of pericytes and endothelial cells, suggesting that SARS-
CoV-2 infection of pericytes in the heart may cause rapid 
dysfunction of nearby endothelial cells [17]. Notably, a recent 
report describes increased cardiomyocyte-specific ACE2 tran-
scription in diseased cardiac tissue from patients with dilated 
cardiomyopathy or hypertrophic cardiomyopathy compared to 
normal human myocardial samples, providing a potential ex-
planation for increased SARS-CoV-2 morbidity and mortality 
among those with pre-existing cardiovascular disease [18].

Observation of viral particles in the endothelial com-
partment and endothelial cells of the heart is consistent with 
other reports in the literature of SARS-CoV-2 infection of the 
endothelium in other organs. Varga et al found evidence of 
direct viral infection of endothelial cells accompanied by dif-
fuse endothelial inflammation upon autopsy and microscopic 
examination of tissue in three patients deceased as a result of 
COVID-19, concluding that SARS-CoV-2 infection results in 
endotheliitis in multiple organs through a combination of direct 
infection and triggering of the host inflammatory response [19]. 
Similarly, Menter et al presented electron microscopic images 
of virus particles in an activated glomerular endothelial cell 
[20]. The presence of susceptible endothelium across multiple 
organ systems therefore sets the stage for widespread endothe-
lial dysfunction, which has indeed been observed in the lungs, 
kidneys and hearts of patients with COVID-19 [15, 19, 20].

The fact that SARS-CoV-2 uses ACE2 as its receptor, an 
important component of the renin-angiotensin system, also has 
cardiovascular consequences. The renin-angiotensin system 
has two axes that serve to balance one another and maintain 
circulatory homeostasis. ACE2 dysfunction disrupts this bal-
ance, resulting in increased platelet adhesion and aggregation, 
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which in turn increases the risk of thromboembolism [21]. 
Dysfunction in the renin-angiotensin system is also tightly tied 
to immunopathology, as described further below.

Immunopathology

Direct viral infection of the heart and vasculature can result in 
localized production of pro-inflammatory factors as well as apo-
ptosis and pyroptosis, which serve to increase local inflamma-
tory processes. In concert with evidence of direct viral infection 
of endothelial cells, Varga et al also found evidence of diffuse 
endothelial inflammation associated with mononuclear and neu-
trophilic infiltrates and apoptosis [19]. Evidence suggests that 
these systemic inflammatory processes, as opposed to those in-
duced locally via direct infection of the myocardium or endothe-
lium, may play a larger role in determining cardiovascular out-
comes. For example, in the autopsy study conducted by Lindner 
et al describing the presence of viral genome in the heart, in-
flammatory cytokine expression increased with increased viral 
load, but neither viral load nor virus presence correlated with the 
presence of inflammatory cells in the myocardium [13]. Inflam-
matory pathways have a well-established role in acute injury to 
the myocardium and the response to other respiratory viruses 
(e.g., influenza) has been shown to increase risk for and/or con-
tribute to the development of heart failure [22].

Early reports regarding the clinical course of COVID-19 
out of Wuhan, China, the epicenter of the pandemic, described 
severe systemic inflammation as a clinical predictor of mor-
tality prompting recognition of cytokine storm as an impor-
tant consideration among patients with COVID-19 [23, 24]. 
Cytokine storm is characterized by an overactive immune re-
sponse and the production and release of excess cytokines into 
the bloodstream. While pro-inflammatory cytokines are gener-
ally beneficial to the management of infection, over-production 
combined with immediate release into systemic circulation is 
harmful to the body. Cytokine storm may occur in response 
to infection, autoimmune conditions, or other diseases and in-
cludes symptoms of increased temperature, muscle soreness, 
joint pain, and if it continues unchecked, can result in multi-
organ failure. Mahmudpour et al offer a detailed description of 
the purported mechanisms underlying hyper-inflammation in 
the context of COVID-19 [25]. In addition, several publications 
describe the impact of inflammatory cytokines on the pulmo-
nary system and the role of cytokine storm as a factor leading 
to clinical deterioration, organ failure and death in COVID-19 
[26]. Here we will focus on the consequences of SARS-CoV-
2-induced inflammation specific to the cardiovascular system.

Whether or not the initial inflammatory response originates 
in the cardiovasculature, exaggerated systemic inflammation 
can exacerbate or even cause cardiovascular injury. Increased 
cytokine levels are associated with myocardial and endothelial 
damage, abnormal coagulation and thrombus formation [27], 
much of which is mediated via the impact of inflammatory 
molecules on endothelial cells. The extent to which the en-
dothelium mediates the multi-organ effects of SARS-CoV-2 
prompted a recent publication in the European Heart Journal 
by Peter Libby and Thomas Luscher that proposes re-concep-
tualizing COVID-19 as an endothelial disease, noting the role 

of the endothelium in even the disease’s characteristic dam-
age to the lungs [28]. In patients with COVID-19, heightened 
levels of pro-inflammatory cytokines IL-2, -6, -7 and -8 are 
consistently observed and their production correlates with 
disease severity [21]. Circulation of these pro-inflammatory 
cytokines activates the endothelium, creating an environment 
within blood vessels that is pro-coagulant/pro-aggregatory, 
anti-fibrinolytic, pro-inflammatory, pro-oxidant, and char-
acterized by impaired barrier function and vasoconstriction 
[28]. Acute release of pro-inflammatory cytokines, including 
IL-1, IL-6 and plasminogen activator inhibitor (PAI-1), have 
also been associated with increased risk of heart failure with 
preserved ejection fraction [21], and chronic inflammation is 
known to be an important pathogenic driver of heart failure in 
general [29].

Hypoxemia

The endothelial dysfunction described above may be further 
exacerbated by hypoxemia, the likelihood of which increas-
es with progressive decline in lung function associated with 
COVID-19. The hypoxemic effects of reduced oxygen intake 
are further compounded by the increased demands for oxy-
gen necessitated by the host response to infection, potentially 
resulting in cardiac injury [30]. Hypoxemia is also linked to 
endothelial damage and has been shown to increase risk for 
thrombosis in patients with COVID-19. As endothelial cells 
are responsible for maintaining the vasculature, including ves-
sel wall permeability, dysfunction of endothelial cells in the 
pulmonary vasculature gives rise to thrombotic processes that 
may increase the risk of acute respiratory distress syndrome 
(ARDS). Hypoxia-mediated hypercoagulability was identified 
as an important factor in ARDS in the context of COVID-19 
compared to other causes of ARDS [31]. Further, lung lymph 
vessels are especially susceptible to oxidative stress and apop-
tosis of lung microvascular cells has been observed [32].

Medication-induced cardiac toxicity

Medication-induced toxicity represents another potential con-
tributor to COVID-19 cardiovascular damage. At the start of 
the COVID-19 pandemic, medical providers found themselves 
facing an unfamiliar disease without evidence-based treatment 
strategies and have instead had to focus on interventions de-
signed to ameliorate symptoms and/or off-label use of drugs 
previously approved for other purposes. Some such drugs must 
be used with particular caution due to the potential for cardiac 
toxicity, especially in patients with pre-existing cardiovascular 
disease or other comorbidities. For example, hydroxychloro-
quine use with or without azithromycin was quickly adopted 
by many medical facilities based on early evidence of effica-
cy for reducing viral load. However, the cardiac toxicity of 
hydroxychloroquine and chloroquine, a related anti-malarial 
medication, has been known for some time. Use of chloro-
quine and hydroxychloroquine has been associated with atrial 
and ventricular arrhythmias, fascicular block and syncope, and 
QT interval prolongation, which can increase the risk of in-
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duced polymorphic ventricular tachycardia and sudden cardiac 
death [33]. Examination of cardiac function in patients who re-
ceived hydroxychloroquine for COVID-19 has had mixed re-
sults. In one recent trial, patients who received hydroxychloro-
quine and azithromycin had severe QTc prolongation [34], and 
in another, those who received both hydroxychloroquine and 
azithromycin were significantly more likely to suffer cardiac 
arrest than those who did not receive either drug [35]. Fewer 
such events were reported in a publication in which patients 
were systematically excluded from receiving hydroxychloro-
quine and azithromycin for cardiac contraindications or the 
potential risk for drug interactions [36], which may represent 
the development of improved understanding of risk vs. benefit. 
In a recent review of major developments related to the use of 
hydroxychloroquine for COVID-19 treatment and prophylax-
is, Singh et al conclude that until in progress, well-designed, 
randomized controlled trials identify specific subgroups likely 
to benefit from hydroxychloroquine it should be used for pa-
tients with COVID-19 only under investigational trial settings 
with close safety monitoring [37].

Numerous drug trials are currently underway to investi-
gate the utility of anti-inflammatory, anti-rejection, anti-com-
plement and anti-neoplastic agents for the treatment of COV-
ID-19 [38]. In a systematic review of the therapies currently 
under investigation, Campbell et al note the importance of 
considering the potential cardiotoxicity of these agents given 
that adverse effects on the cardiovascular system have signifi-
cant potential to increase risk of morbidity and mortality [38]. 
Current evidence suggests that anti-inflammatory agents that 
directly inhibit the IL-1 and JAK pathways as well as comple-
ment inhibitors are the least likely of all agents under consid-
eration to result in cardiotoxicity, although there are relatively 
little data available on the cardiovascular profile of the com-
plement inhibitors under investigation [38].

It is also important to understand and recognize the side-
effects of certain drugs that specifically target the cardiovascu-
lar system. Such drugs include ACE inhibitors and angiotensin 
receptor blockers (ARBs). Siddamreddy et al observed upreg-
ulation of ACE2 in patients taking either class of medications, 
specifically in cardiomyocytes [39]. Some have theorized that 
upregulation of ACE2 could lead to patient deterioration and 
progression of the disease, but there are little data to support 
this theory. At present, the American College of Cardiology 
and the American Heart Association recommend continued use 
of ACE inhibitors and ARBs for patients that are already on 
those medications [39]. Driggin et al provide an excellent sum-
mary of antiviral and other therapies currently under investiga-
tion for use in COVID-19 and their potential interactions with 
common cardiovascular medication classes as well as known 
cardiovascular adverse effects [40], which is likely to prove 
useful to clinicians evaluating the utility of such therapies in 
the absence of clear clinical guidance.

Indirect cardiovascular consequences of the COVID-19 
pandemic

It is worth noting the likelihood that the ongoing COVID-19 

pandemic has cardiovascular consequences even for those who 
are not infected with SARS-CoV-2. The European Society for 
Cardiology has dubbed these cardiovascular effects “collateral 
damage of COVID-19” and points to patient vulnerability, lack 
of assurance of safe hospital environments, increased strain on 
emergency services and reprioritization of hospital resources 
as its causes [41]. For example, in a comparison of hospital 
admissions for heart failure in Germany during the pandemic 
to control time periods earlier in 2020 and the same time frame 
in 2019, Bollmann et al observed fewer admissions for heart 
failure, shortened hospital stays and increased in-hospital mor-
tality among those admitted for heart failure and no diagnosis 
of COVID-19 from March 13 to April 30, 2020 compared to 
the control periods [42]. This is consistent with reports from 
both Italy and the USA describing a significant decrease in hos-
pitalizations for acute myocardial infarction in the pandemic 
era [43, 44]. Gori et al described additional implications for 
cardiovascular disease among patients without COVID-19, in-
cluding postponement of elective procedures, delays before and 
during hospital admission, reduced access to care due to fear of 
contagion, shortened diagnostic protocols as hospital capacity 
becomes overwhelmed, and risk of diagnostic errors [45].

Clinical Cardiovascular Presentations

Clinically, the cardiovascular consequences of COVID-19 may 
present as myocarditis with or without arrhythmia, endothelial 
dysfunction and thrombosis, acute coronary syndromes and 
heart failure. Presentation can vary widely and may or may not 
be typical of the condition in an individual without COVID-19.

Myocarditis

Myocarditis, or direct inflammation of the myocardium and 
myocardial injury without ischemic origin, can result in re-
duced ability to pump blood, irregular electrical activity and 
arrhythmia. Numerous studies suggest that the pathophysiol-
ogy of viral myocarditis in the context of SARS-CoV-2 can be 
attributed to direct injury of infected cardiomyocytes in com-
bination with systemic inflammation, as described above. The 
pathology of myocarditis in the context of COVID-19 is de-
bated, but a report by Fox et al sheds light on the subject [46]. 
Upon autopsy, histological examination of the heart from a 
possible case of myocarditis was marked by an unusually low 
concentration of lymphocytes in the tissue. The authors sug-
gest that this finding may support the notion that direct infec-
tion of pericytes may trigger endothelial damage, which could 
in turn lead to cell death in the heart [46]. Consistent with this 
notion, Lindner et al reported that upon autopsy, neither virus 
presence nor viral load was correlated with the presence of 
inflammatory cells in the myocardium [13].

The prevalence of SARS-CoV-2 myocarditis is difficult 
to estimate due to a number of confounding factors, including 
a lack of diagnostic tools in initial reports, incomplete labora-
tory testing protocols and difficulty discerning the symptoms 
of myocarditis from other COVID-19 symptoms. Early on in 
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the pandemic, rationing of tests resulted in preferential test-
ing of samples for other respiratory pathogens before testing 
for COVID-19. If a patient tested positive for another patho-
gen that could explain the symptoms, the individual was never 
tested for COVID-19. However, in one study, the rate of co-
infection with SARS-CoV-2 and at least one other respiratory 
pathogen was 20.7%, suggesting that a lack of thorough testing 
would likely miss as many as one in five cases of COVID-
19-related myocarditis [47].

COVID-19 patients with myocarditis may present with a 
wide range of symptoms and conditions. For example, Kim et 
al reported a case of a 21-year-old patient with classic COV-
ID-19 symptoms, including difficulty breathing, shortness of 
breath and fever [48]. Upon further examination, computed to-
mography (CT) scans of the chest showed ground-glass opacity 
in both lungs as well as general thickening of the myocardium. 
Cardiac troponin levels were also suggestive of cardiac injury. 
Further imaging, including echocardiography and cardiac mag-
netic resonance imaging (c-MRI), ultimately confirmed the di-
agnosis of myocarditis. While the patient outwardly expressed 
mild signs of dyspnea, fatigue and fever, clinical diagnostic 
workup revealed more severe complications of viral infection 
[48]. Without the presence of any more specific cardiovascular 
symptoms, it is likely that many such cases of myocarditis are 
undiagnosed. Another common clinical presentation indicative 
of cardiac involvement in COVID-19 includes chest pain and 
tightness. In the first published report of COVID-19 compli-
cated by fulminant myocarditis, Zeng et al describe a 63-year-
old male patient with symptoms including white sputum, high 
fever and chest tightness [49]. The patient also had elevated 
cardiac troponin levels and pneumonia. The patient’s condition 
continued to deteriorate and there was evidence of increased 
levels of pro-inflammatory cytokines. Imaging showed thick-
ening of the left ventricle as well as an abnormally low left 
ventricle ejection fraction and the patient was diagnosed with 
myocarditis. Despite signs of improvement with the left ventri-
cle returning to normal size, the patient developed a secondary 
infection that ultimately led to cardiac dysfunction on the right 
side of the heart and the patient died after 33 days of hospitali-
zation [49].

Two recent studies suggest that in some cases of myocar-
ditis, individuals may have no symptoms at all. Puntmann et al 
conducted c-MRI on an unselected sample of 100 individuals 
who had recovered from COVID-19, the majority of whom 
recovered at home, and detected evidence of cardiac involve-
ment in 78% of participants, most often presenting as myo-
cardial inflammation [9]. Importantly, cardiac involvement 
was independent of severity or extent of COVID-19 disease 
and relatively few individuals reported any cardiac symptoms, 
even upon direct questioning. This finding is supported by a 
report by Rajpal et al demonstrating myocardial involvement 
in 46% of 26 competitive college athletes with COVID-19 
who had mild or no symptoms, suggesting that frequent car-
diac involvement may occur even among those who are other-
wise young and healthy [8].

Finally, reports in the literature suggest that viral myocar-
ditis may contribute to COVID-19-related fatalities. In a study 
of 150 patients by Ruan et al, 68 deaths were recorded, five of 
which (7%) were attributed to myocarditis. This study shows 

that a minor percentage of COVID-19 patients who died pre-
sented with viral myocarditis [24].

Arrhythmia

Arrhythmia is a classic clinical manifestation of myocarditis 
and may be particularly prevalent among individuals with 
COVID-19. In an early description of 138 hospitalized patients 
in Wuhan, China, Wang et al reported that more than 40% of 
transfers to the intensive care unit (ICU) among patients hos-
pitalized for COVID-19 were attributable to arrhythmia [50]. 
Although this report was unable to ascribe the cause of ar-
rhythmia to myocarditis, a later report by Siripanthong et al 
indicated that 78.7% of patients with COVID-19 who had been 
diagnosed with myocarditis showed signs for some form of 
arrhythmia [51].

In a review of arrhythmia in COVID-19, Babapoor-Far-
rokhran et al identified sinus bradycardia as the most common-
ly reported form of arrhythmia associated with COVID-19, but 
also described several reports of atrial tachyarrhythmia as well 
as ventricular arrhythmias and noted that case reports in the 
published literature are unlikely to represent actual prevalence 
[52]. In a global survey conducted by the Heart Rhythm Socie-
ty in the spring of 2020, severe sinus bradycardia and complete 
heart block were the most commonly reported bradyarrhyth-
mias associated with COVID-19 [53]. Reports suggest that 
sinus bradycardia can occur even in patients with COVID-19 
and normal echocardiography and cardiac biomarkers [54], 
and can persist for as long as 2 weeks [55]. Several reports 
of atrial tachyarrhythmia in the context of COVID-19, includ-
ing atrial fibrillation, atrial flutter and atrial tachycardia, have 
also been published [52]. In the global Heart Rhythm Society 
survey, atrial fibrillation was the most common arrhythmia re-
ported overall [53].

Evidence suggests that several life-threatening ventricular 
arrhythmias can also occur in COVID-19 [52]. Respondents to 
the global Hearth Rhythm Society survey reported sustained 
monomorphic ventricular tachycardia, polymorphic ventricu-
lar tachycardia/Torsade de Pointes, ventricular tachycardia/
ventricular fibrillation arrest and pulseless electrical activity 
[53]. There is some evidence to suggest that ventricular ar-
rhythmias are more often associated with elevated cardiac 
biomarkers and/or use of medications that can prolong the QT 
interval [34, 56-59]. Several Heart Rhythm Society survey 
respondents reported discontinuation of hydroxychloroquine/
chloroquine and azithromycin as a result of prolonged QT in-
terval or Torsade de Pointes [53].

Endothelial dysfunction and thrombosis

The endothelium comprises the cells lining the vasculature and 
functions to control the flow of fluids and substances into and 
out of tissues. In general, endothelial dysfunction is marked by 
the decreased production of nitric oxide as well as disturbed 
regulation of the relaxation and contraction of the vascula-
ture [60]. Endothelial dysfunction is particularly important in 
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COVID-19, likely contributing to disease manifestations in 
several organ systems [28]. It is purported that endothelial dys-
function in COVID-19 may be caused by viral entry through 
ACE2, thereby causing an abnormal response of the renin-an-
giotensin system and activating endothelial cells. The resulting 
pro-inflammatory and pro-coagulatory milieu observed in pa-
tients with COVID-19 is characterized by increased levels of 
inflammatory cytokines and chemokines, von Willibrand fac-
tor antigen and activity, factor VIII, and acute phase reactants 
(e.g., C-reactive protein, D-dimer) [61].

COVID-19-related endothelial dysfunction manifests 
via a pro-coagulatory state and thrombotic activity. In a re-
port detailing the cases of 12 patients in Hamburg, Germany, 
death was the result of pulmonary embolism in four cases and 
deep vein thrombosis was observed in seven [62]. Additional 
studies have shown that such thrombotic complications are re-
markably common, with one such study by Klok et al finding 
that nearly one-third of patients with COVID-19 admitted to 
the ICU at three Dutch hospitals had at least one thrombotic 
event [63]. Bilaloglu et al reported a slightly lower frequency 
in their case series of 3,334 consecutively hospitalized patients 
with COVID-19, not limited to those requiring care in the ICU, 
in New York City where 16% of individuals had at least one 
thrombotic event [64].

It also appears that COVID-19-related mortality can be 
linked to endothelial dysfunction and coagulopathy. Wich-
mann et al reviewed data from 191 patients with COVID-19 
and found that 50% of patients who succumbed had evidence 
of coagulopathy and that patients with D-dimer levels great-
er than 1,000 µg/L were more likely to have fatal outcomes 
[62]. In addition to the endothelial activation described above, 
Wichmann et al also describe hypoxemia, a likely occurrence 
in individuals experiencing severe respiratory symptoms, as a 
possible trigger for thrombus formation as hypoxic conditions 
in animal models showed facilitated thrombus formation [62]. 
Thrombus formation can also be exacerbated by systemic in-
flammation.

In addition to the more generalized endothelial dysfunc-
tion described above, endotheliitis is also of particular con-
cern in the context of COVID-19. Data published by Mosleh 
et al indicate the direct infection and presence of viral particles 
in endothelial cells causing inflammation of the endothelium 
[65]. This condition is particularly relevant to the develop-
ment of pulmonary edema, as shown by Teuwen et al [66]. 
Data from Huertas et al further corroborate this theory with 
histological evidence of viral particles and inflammatory cell 
infiltrates in the endothelium [67]. Dramatic changes in the 
structure of the endothelium as a result of this inflammatory 
state result in loosening of the endothelial gaps and consequent 
vascular leakage and build-up of fluid in the alveolar space.

While patients of all demographics can be affected by vi-
rus-associated endothelial dysfunction, males and the elderly 
appear to be disproportionately affected. Under even normal 
circumstances, vasoconstriction is heightened and vasodilation 
is decreased due to endothelial dysfunction in the elderly. Oth-
er risk factors for endothelial dysfunction include pre-existing 
cardiovascular conditions, hypertension and diabetes [68]. In 
addition, Zhang et al propose that the emerging association be-
tween vitamin D deficiency and poor outcomes for COVID-19 

patients may be mediated, at least in part, via the role of the 
vitamin D receptor in normal endothelial function [69].

Acute coronary syndromes

Like several other viral respiratory infections, COVID-19 ap-
pears to increase risk for acute coronary syndromes, including 
myocardial infarction with or without ST-segment elevation [70-
72]. Interestingly, in a report of 28 cases published by Stefanini 
et al, ST-segment elevation myocardial infarction represented 
the first clinical manifestation of COVID-19 for 24 (86%) of 
patients, while it developed only after hospitalization for other 
COVID-19 symptoms in the remaining four cases [72].

That COVID-19 would increase risk for acute coronary 
syndrome is unsurprising given that a known risk factor for 
cardiac injury is lack of oxygen, as occurs with severe res-
piratory symptoms, and increased oxygen demand, as occurs 
during the host response to infection. It is difficult to assess 
the true prevalence of myocardial infarction, however, as its 
identification is challenged by symptoms of dyspnea and other 
comorbidities. In some cases, this dyspnea itself may place 
significant strain on the myocardium. In addition, cardiac tro-
ponin levels increase with both acute myocardial infarction 
and myocarditis, making it difficult to determine the actual 
cause. Knight et al used c-MRI to determine mechanism of 
injury among 29 individuals who had been hospitalized for 
COVID-19 and had elevated troponin levels indicative of un-
explained myocardial injury with no cause for previous myo-
cardial scarring [73]. Among 20 patients with an identifiable 
mechanism, ischemic heart disease-related pathology was half 
as common as non-ischemic, myocarditis-like pathology [73].

The characteristic over-reactive immune response and pro-
thrombotic state undoubtedly contributes to the occurrence of 
acute coronary syndrome in patients with COVID-19. For ex-
ample, among 533 patients with COVID-19 that had a throm-
botic event while hospitalized in New York City, more than 
half experienced myocardial infarction [64]. More specifically, 
ST-elevated myocardial infarction in patients with COVID-19 
may be attributable to microthrombi formation, as shown by 
Guagliumi et al [74]. In one patient with ST-elevated myo-
cardial infarction who ultimately succumbed to COVID-19, 
multiorgan failure was associated with prothrombin activation 
fragments and examination post-mortem showed microthrom-
bi in the kidney, spleen and walls of the ventricles [74].

Cardiac arrest and sudden cardiac death also appear in con-
nection with COVID-19, although prevalence is much harder 
to characterize for a number of reasons, including the indirect 
consequences of the pandemic on emergency infrastructure 
and care-seeking behavior [33, 70]. In one report of three pa-
tients with COVID-19 who suffered cardiac arrest by Shirazi 
et al, perhaps the most notable similarity was that cardiac ar-
rest occurred after improvement in disease course among indi-
viduals not thought to be at risk for developing cardiac arrest 
[75]. All three patients had been treated with a combination 
of antiviral medications and hydroxychloroquine, prompting 
the investigators to note the importance of closely monitoring 
cardiovascular function in all patents with COVID-19 and par-
ticularly those receiving hydroxychloroquine [75]. Mazzanti et 
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al observed changes in QT interval even when hydroxychloro-
quine was administered to patients with COVID-19 only for a 
short duration (2 g over 5 days) [76].

Heart failure

Heart failure is a relatively common cardiovascular complica-
tion of COVID-19 [77]. In two initial case series out of China, 
heart failure was reported in 23-24% of patients and was sig-
nificantly more common among those who died than those 
who recovered [78, 79]. In patients with COVID-19, heart 
failure is thought to occur either as the result of direct viral 
infection, inflammation and cardiac fibrosis or by unmasking 
or exacerbating pre-existing, sub-clinical disease [22]. Reports 
suggest that although right ventricular abnormalities and left 
ventricular diastolic dysfunction are relatively common among 
individuals with COVID-19, left ventricular ejection fraction 
tends to be normal suggesting that heart failure with preserved 
ejection fraction (HFpEF) is of particular importance in the 
context of COVID-19 [5, 22, 80]. Heart failure in the context 
of COVID-19 can also occur secondary to myocarditis, is-
chemia, and/or arrhythmia [81].

Cardiovascular Prognostic Indicators

That COVID-19 morbidity and mortality is higher among 
those with cardiovascular involvement compared to those 
without has been known since relatively early in the course 
of the pandemic [71]. In a number of clinical case series from 
hospital settings, cardiovascular complications (e.g., arrhyth-
mia) were significantly more common and biomarkers of 
myocardial injury (e.g., cardiac troponin) were significantly 
higher in patients requiring ICU admission and/or ventilation 
than in those who did not [33]. Useful biomarkers of myocar-
dial injury and cardiovascular prognosis include hs-troponin 
and natriuretic peptide (NP). Upon retrospective analysis of 
hs-troponin levels in 523 patients admitted to the hospital with 
COVID-19 in Italy, Michela et al identified hs-troponin as an 
independent risk factor for mortality with a hazard ratio (HR) 
of 1.004 for each 10-point increase in hs-troponin level (P < 
0.0001) [82]. Similarly, Shah et al examined hs-troponin levels 
in 309 patients admitted to a US hospital with COVID-19 and 
found a direct correlation between cardiac troponin I (cTnI) 
levels and need for intubation, dialysis, transfer to the ICU and 
death [7]. Arcari et al suggested that both hs-troponin and NP 
may be particularly useful biomarkers for clinical pneumo-
nia risk stratification [6]. In their study of 111 patients with 
COVID-19 pneumonia admitted to the hospital, elevated hs-
troponin and/or NP was associated with several markers of 
poor clinical function, including reduced PaO2/FIO2 and right 
ventricular function, and a significantly increased risk of in-
hospital mortality [6].

Markers of endotheliopathy can also serve as useful prog-
nostic indicators. In a study by Goshua et al, which assessed 
endothelial cell and platelet activation among 68 patients, 
P-selectin and thrombomodulin were found to be viable bio-

markers for endothelial cell activation and sCD40L was identi-
fied as viable biomarker for platelet activation [83]. Fatalities 
related to endothelial dysfunction were noted and a marked 
increase of P-selectin and sCD40L was observed among pa-
tients who required intensive care. The study also found that 
patients with low thrombomodulin levels tended to have better 
outcomes than those with elevated levels. D-dimer as a marker 
for thrombosis also has prognostic value. In a study of 3,334 
consecutively hospitalized patients with COVID-19 in New 
York City, D-dimer level at presentation was independently 
associated with risk of thrombotic events [64].

Clinical Recommendations for Cardiovascular 
Screening and Treatment

Special considerations are recommended for patients that pre-
sent with cardiovascular symptoms along with classic symp-
toms of COVID-19 (i.e., respiratory symptoms, fever, dysp-
nea). Obtaining a thorough patient history is important for 
detecting symptoms and implementing management strategies 
early in the course of disease. While not all cases have severe 
outcomes, evidence suggest that it may still be beneficial to 
test for biomarkers indicative of cardiac injury, such as cardiac 
troponin and NP [51]. In addition, imaging and other interven-
tional cardiology approaches should be considered when there 
are concerns for myocarditis or acute coronary syndrome.

In a report of echocardiographic findings from 66 high-
risk cases, Schott et al described frequent right ventricle dila-
tion and increased wall thickness [84]. The American College 
of Cardiology and American Society of Echocardiography 
recommend that echocardiographic examinations in the con-
text of COVID-19 are performed in a manner that reduces so-
nographer exposure time and are conducted only if it is likely 
that results will change clinical management [85]. Cau et al 
compared the use of echocardiography and c-MRI for use in 
the context of COVID-19 ultimately concluding a complimen-
tary role for the two modalities whereby the use of echocardi-
ography for a rapid bedside diagnosis can be further refined 
via c-MRI [86]. Kociol et al also found c-MRI to be useful 
for detecting myocarditis [87]. Classic imaging for myocardi-
tis includes excess wall thickness and widening of the cham-
bers. While the feasibility of c-MRI can be limited by local 
availability, cost and time constraints, and other intrinsic and 
extrinsic patient-specific factors, its utility in determining 
the presence and extent of myocardial tissue damage makes 
it a valuable diagnostic and prognostic tool in the context of 
COVID-19. Kochi et al also recommend use of c-MRI to as-
sess the extent of myocardial scarring as a means to determine 
arrhythmia risk among patients who recover from COVID-19, 
but have evidence of myocardial injury [33].

Further diagnostic tests that can be administered if there 
are concerns for myocardial infarction include an electrocar-
diogram to measure electrical activity, angiogram with coro-
nary catheterization to identify areas of arterial blockage and 
laboratory blood testing to assess biomarkers indicative of 
cardiac damage (e.g., troponin). The actual treatment of myo-
cardial infarction is debated in the context of COVID-19. The 
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American College of Cardiology states that fibrinolysis may 
be used for patients with a low-risk ST-elevated myocardial 
infarction. However, percutaneous coronary intervention re-
mains the standard of care in patients with COVID-19 [88]. 
Although a recent multi-national case series regarding clini-
cal outcomes among patients with COVID-19 presenting with 
ST-segment elevation myocardial infarction found a high rate 
of stent thrombosis among patients who were treated with per-
cutaneous coronary intervention, which suggests the potential 
need to adapt management for this condition in patients with 
COVID-19 [89].

At present, remdesivir represents the only anti-viral medi-
cation with evidence of efficacy in COVID-19. Although not 
specific to cardiovascular function, results of the Adaptive 
COVID-19 Treatment Trial (ACTT-1) published in May 2020 
demonstrated that remdesivir shortened time to recovery in 
adults hospitalized with COVID-19 who had evidence of low-
er respiratory tract infection compared to placebo control in a 
double-blind, randomized, placebo-controlled trial [90]. More 
recently, the FDA granted an emergency use authorization to 
Regeneron Pharmaceuticals Inc. for an antibody cocktail in-
cluding the monoclonal antibodies casirivimab and imdevimab 
targeting the SARS-CoV-2 spike protein based on evidence 
that intravenous administration of the cocktail reduces COV-
ID-19-related hospitalization or emergency room visits among 
those at high risk for disease progression compared to placebo 
[91]. The use of medication to manage endothelial dysfunc-
tion, coagulopathy and the hyper-inflammatory response as-
sociated with COVID-19 may have further beneficial effects 
for the cardiovascular system as long as those same medica-
tions are not themselves associated with cardiotoxicity. For 
example, some have postulated that the combined anti-viral 
and anti-inflammatory properties of the FDA-approved drug 
ivermectin account for its promise as a COVID-19 treatment, 
which is currently the subject of a number of clinical investi-
gations [92, 93]. Numerous other anti-inflammatory therapies 
are currently being investigated for mitigation of the effects 
of systemic inflammation and cytokine storm in patients with 
COVID-19. Immunomodulatory agents that directly target 
the specific cytokines involved in the host response to SARS-
CoV-2 are of particular interest. In serious cases, these im-
munomodulatory agents can alleviate hyperinflammation. For 
example, the antibody therapy tocilizumab and ulinastatin are 
drugs that specifically block IL-6 and may be useful for pa-
tients with COVID-19 suffering from over-inflammatory pro-
cesses [38]. Other antiviral drugs tested in clinical trials for the 
treatment of COVID-19 have to date proven ineffective and 
there is some speculation that a combination of immunomodu-
latory agents and antiviral therapies could yield the best treat-
ment for inflammation in COVID-19 patients [94]. In addition, 
administration of the steroid dexamethasone was shown in a 
randomized controlled trial to reduce mortality among those 
with severe respiratory disease requiring mechanical ventila-
tion or oxygen administration [95]. Until effective treatment 
strategies are well-defined, treatment providers are urged to 
maintain awareness of the potential for cardiotoxicity that may 
not yet be fully appreciated, but could be particularly harm-
ful in the context of COVID-19 [38]. Driggin et al provide an 
excellent summary of putative therapies for COVID-19 along 

with known interactions with existing cardiovascular medica-
tions, recommendations for dose adjustments and tips for ef-
fective monitoring [40].

Of note, aspirin represents an existing cardiovascular 
medication with promise for addressing some of the cardio-
vascular symptoms of COVID-19. In a retrospective study of 
412 patients hospitalized in the US for COVID-19, receipt of 
aspirin within 24 h of admission or 7 days prior to admission 
was associated with a significantly decreased risk of mechani-
cal ventilation, ICU admission and in-hospital mortality [96].

It is worth noting that in addition to those with common 
risk factor for cardiovascular disease or known cardiovascular 
complications of SARS-CoV-2 infection, it may also be nec-
essary to screen for cardiovascular dysfunction among indi-
viduals with relatively mild or even asymptomatic infection 
if they plan to engage in high-intensity physical activity (e.g., 
competitive athletes). Rajpal et al conducted c-MRI on 26 col-
legiate-level competitive athletes who had COVID-19 associ-
ated with either mild or no symptoms and found that 12 (46%) 
had evidence of ongoing myocarditis and/or prior myocardial 
injury suggesting that this screening modality may be useful 
for guiding decisions about returning to competitive sports 
participation [8]. Evidence suggests that cardiac involvement 
is common even among those with mild or no symptoms of 
COVID-19 [9], and healthcare providers who cared for pa-
tients with COVID-19 during the peak of the pandemic in Italy 
suspect that sudden cardiac death may have been the cause 
of death for patients with only mild symptoms who were not 
hospitalized, but found dead at home during quarantine [33]. 
As a result, Kochi et al recommend evaluation of myocardial 
biomarkers in all patients with COVID-19 to accommodate 
risk stratification and early intervention [33]. Whether such a 
broad screening strategy is warranted or even feasible remains 
to be determined.

The American Heart Association COVID-19 CVD reg-
istry launched in April is positioned to address many of the 
uncertainties described above. Intended to function as a hos-
pital quality improvement program, it will also result in an 
aggregated national dataset to inform best practices for the 
evaluation and management of COVID-19 with special con-
sideration of the cardiovascular impacts of the disease. With 
approximately 150 participating hospitals across the US, data 
are rapidly accumulating and bringing greater certainty regard-
ing the clinical management of COVID-19 ever nearer [10].

Long-Term Cardiovascular Consequences

Considerable evidence points to the possibility of long-term 
cardiovascular consequences for those who recover from 
COVID-19. There is evidence of long-term cardiovascular 
dysfunction among individuals who recovered from infection 
with SARS-CoV. In a study of 25 patients who had recovered 
from SARS-CoV 12 years earlier, 44% had evidence of car-
diovascular abnormalities and lipid metabolism dysregulation 
[97]. Although the mechanism accounting for this finding is 
not understood, similarity between SARS-CoV and the novel 
SARS-CoV-2 suggests the potential for long-term cardiovas-
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cular consequences among those who recover. For example, 
the possibility exists that myocardial injury as a result of 
COVID-19 will result in atrial or ventricular fibrosis and a 
subsequent increased long-term risk for cardiac arrhythmias 
[33]. A number of investigators similarly suggest the poten-
tial for COVID-19 survival to ultimately be identified as an 
independent risk factor for later development of heart failure 
and other long-term cardiovascular sequelae including cardiac 
hypertrophy, cardiac fibrosis, chronic right heart failure, de-
creased cardiac output, diastolic dysfunction and pulmonary 
hypertension, particularly among those recovering from severe 
illness characterized by profound hypoxemia, respiratory fail-
ure and thromboembolic complications [22, 29]. To mitigate 
these risks, Kochi et al recommend the use of c-MRI to stratify 
patents for follow-up [33]. The value of such an approach is 
supported by a report by Puntmann et al in which c-MRI was 
conducted on an unselected cohort of 100 German patients 
who had recovered from COVID-19 [9]. Among this cohort, 
there was evidence of cardiac involvement in 78% of indi-
viduals and ongoing myocardial inflammation in 60% of in-
dividuals, both of which were independent of any pre-existing 
conditions, severity of the acute COVID-19 illness and time 
from original diagnosis [9]. Similarly, Knight et al used c-MRI 
to assess myocardial damage among 29 individuals in early 
convalescence who were troponin-positive during hospitaliza-
tion, but had unexplained myocardial injury and no cause for 
previous myocardial scarring [73]. Mechanisms of myocardial 
injury were identified for 20 (69%) patients via c-MRI and 
included non-ischemic heart disease-related (38%), ischemic 
heart disease-related (17%), and dual ischemic and non-is-
chemic (14%) pathology. Non-ischemic injuries frequently 
appeared to be myocarditis-like and lack of associated edema 
suggests that the myocarditis-like scarring observed may be 
permanent, leading the authors to conclude the myocardial 
injury is common with potentially long-lasting effects, even 
among those who did not experience acute coronary syndrome 
or pulmonary emboli [73].

Conclusion

Characterizing COVID-19 as an endothelial disease, as sug-
gested by Libby and Luscher [28], more appropriately ac-
counts for the systemic effects of SARS-CoV-2, which impacts 
the cardiovascular system in much the same way it impacts 
the respiratory system, but is less well known for doing so. As 
such, medical personnel must be vigilant in their attention to 
possible cardiovascular symptoms, take appropriate steps for 
clinical diagnosis and be prepared for long-term ramifications 
of myocardial injury sustained as a result of COVID-19. The 
understanding of the relationship between cardiovascular dis-
ease and COVID-19 is rapidly evolving. We have tried to cov-
er key aspects of this relationship as understood in the fall of 
2020, but fully recognize that newer findings will be published 
by the time this paper appears in print and certain aspects of 
this review may become rapidly outdated. For those readers 
interested in the topic, please keep a close eye on new papers 
as they appear in the medical literature.

Ultimately, preventing the direct and indirect, short- and 
long-term cardiovascular consequences of COVID-19 will de-
pend on controlling the pandemic and preventing additional 
infections from occurring. The Pfizer-BioNTech COVID-19 
Vaccine, which has a reported 95% efficacy 28 days after the 
first dose, has received emergency use authorization from au-
thorities in the US and UK [98, 99]. Approval of a Moderna 
vaccine with 94% reported efficacy is also anticipated [100]. 
Combined with ongoing efforts to limit person-to-person 
spread, launch of vaccination campaigns appears to have made 
such control a real possibility.
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